laparoscopy has been widely implemented and has resulted in improvements in perioperative outcomes for a wide variety of operative procedures. Pancreatic resections are considered, up to now, great challenges for the surgeons, due to their complexity and the severity of postoperative complications. More than 2 decades after the beginning of 'laparoscopic era', is minimally invasive approach feasible and safe for pancreatic surgery? To date, the answer is probably 'Yes, it is possible!' in selected cases and in expert hands. However, more difficult is to answer to the following questions: 'Can minimally invasive approach for pancreatic surgery be considered comparable with the open approach? Is this approach oncologically safe in patients with malignancy? Several studies have been published in the last years, suggesting that the benefits of laparoscopy may be true for pancreatic surgery as well [2] . The subsequent adoption of robotic assistance further extended the advantages of laparoscopic approach, by providing the surgeon with increased dexterity and range of motion of articulating instruments and by improving quality image of the surgical field thanks to 3D visualization [3] . These theoretical advantages of the robot are particularly helpful for minimally invasive pancreatectomies, and for these reasons, the development of robotic surgery improved the trend of pancreatic surgeons to perform major minimally invasive pancreatic resections. However, the use of these mini-invasive techniques in the field of pancreatic surgery has been slow to develop, and up to now, few specialized centers routinely perform a
minimally invasive approach for major pancreatic resections. Some reasons can be adducted. Firstly, the complexity of pancreatic resections and, particularly, of pancreaticoduodenectomy (PD), due to the retroperitoneal location of the pancreas, its proximity to major vessels and the necessity to perform complicated anastomotic components. Secondly, it is clear that minimally invasive approach is safe and feasible, but it is not yet demonstrated that it is 'oncologically effective'; no randomized controlled trials (RCTs) studies are present in the literature, and many retrospective published studies selected about minimally invasive approach consider only benign or borderline lesions. So, long-term outcomes of minimally invasive pancreatic resections for malignancy are lacking. Furthermore, an additional longstanding criticism of the minimally invasive approach, particularly for the robotic one, is elevated costs and the lack of a robust cost-benefit analysis [4, 5] .
For all these considerations, the debate about the use of minimally invasive approach for pancreatic surgery still remains open. We report the state of the art on the use of minimally invasive approach for PD and distal pancreatectomy (DP), with particular attention not only to feasibility and safety, but also to indications, post-operative outcomes and long-term results of these 2 procedures.
Minimally Invasive DP
DP is the most common pancreatic procedure performed by minimally invasive approach. This is clearly comprehensible: it is easier to perform, it requires no reconstruction and it is technically less challenging and more readily adopted by pancreatic surgeons with laparoscopic training and skills, if compared with a more complex procedure as PD.
Laparoscopic DP (LDP) was first performed by Cuschieri et al. [6] for benign disease in 1996, and in the same year, Gagner et al. [7] published their early experience with the first 8 LDP for patients with islet cell tumors. In this study, the author well documented the problems of this new approach -high conversion rate (37%) and long operating time (mean time 4.5 h) -but also a remarkable reduction in terms of length of stay (mean 5 days) was observed. After the publications of these encouraging results, the attention toward LDP has dramatically increased and numerous case series, each comprising more than 100 surgically treated patients, have been published [8] [9] [10] [11] [12] . These studies supported that LDP is technically feasible and safe in expert hands. Moreover, with the acquisition of technical skills, the average operative time and the conversion rate are significantly reduced during the last decade. For all these reasons, many centers have adopted the laparoscopic approach as the standard procedure for patients undergoing DP.
It is easier to demonstrate the feasibility and safety of LDP, but more difficult is to verify if this surgical approach determines real advantages in terms of postoperative outcomes and can be considered a true alternative to open approach. In fact, looking to the available literature, the comparisons of outcomes between LDP and open DP (OPD) are currently limited to retrospective studies and no prospective RCTs have been published [11, [13] [14] [15] [16] . Stauffer et al. [17] performed a comparative study, which included 82 LDP and 90 ODP; LDP was associated with significantly decreased blood loss (180 vs. 880 ml; p < 0.001) and thus fewer transfusions (0.35 vs. 2.5 units; p < 0.001), shorter intensive care unit (0.1 vs. 0.7 days; p < 0.001) and shorted hospital stays (4.3 vs. 8.1 days; p < 0.001), while rates of grade B/C postoperative pancreatic fistula were similar in both groups (6 vs. 10%). Similar results were described by Kooby et al. [8] and Jayaraman et al. [11] , confirming a significant reduction in blood loss and hospital length of stay in the laparoscopic group.
Although RCTs comparing LDP and ODP are still not available, many meta-analyses of retrospective studies have been published [18] [19] [20] [21] [22] [23] [24] [25] . One of them was recently published in 2012 by Venkat et al. [20] , which reviewed 1,814 patients from 18 comparative trials. This meta-analysis, confirmed the excellent results of laparoscopic approach: significantly less blood loss, shorter length of hospital stay and lower rate of overall complications (particularly, fewer surgical site infections). Interestingly, specifically looking at pancreatic fistulas, the authors found no difference in terms of incidence of clinically relevant (grade B/C) pancreatic fistula between LDP and ODP groups. For all the other perioperative and postoperative outcomes, the metaanalysis confirmed that laparoscopic approach is comparable with the open one. The last meta-analysis was published in 2015 by Mehrabi et al. [25] , with the aim of providing recommendation for clinical practice and research on the basis of surgical morbidity, such as pancreatic fistula, delayed gastric emptying and safety. Twenty-nine observational studies and 3,701 overall patients were included in the meta-analysis. Results showed superiority of LDP in terms of blood loss, time to first oral intake and hospital stay. All other parameters of operative morbidity and safety showed no difference. Data on oncologic radicality and effectiveness were limited.
The retrospective nature of all published studies must be taken into account, because obviously it causes important biases, particularly in the selection of patients for laparoscopic or open approach. In fact, laparoscopic approach is frequently performed in case of benign or borderline lesions. Moreover, even in the case of LDP for malignancy, it is possible that patients candidate to this approach are well selected (less large tumor, absence on vascular infiltration, etc.) if compared with cases treated with open approach. Few retrospective studies focusing on LDP for pancreatic cancer have been published in the last years. Kooby et al. [26] performed a multicenter casecontrol study of 2,012 patients who underwent LDP and ODP for pancreatic cancer, with the aim to analyze perioperative and oncologic outcomes. The authors demonstrated that LDP and ODP had no significant differences in short-and long-term oncological outcomes, in terms of number of examined lymph nodes, margin-negative resection rate and overall survival. The authors concluded that LDP was at least equivalent to open resection from a complication and oncologic standpoint and, therefore, a potential approach in select patients with pancreatic cancer. Similar results were reported by Magge et al. [16] finding no difference in perioperative and oncological outcomes between ODP and LDP. Despite these results, however, there is insufficient evidence (absence of prospective RCTs) to support definitive conclusions on short-and long-term oncologic outcomes with regard to superiority of LDP over ODP. According to all these above-mentioned consideration, it seems clear that, in order to demonstrate the superiority of LDP compared to ODP, particularly in terms of oncological results, it is time to randomize. Two recent important national observational studies, published by French and Dutch groups [27, 28] , confirmed this necessity; only a multicentric randomized control trial could provide the superiority of LDP, if compared with ODP.
Regarding the robotic approach for DP, some studies demonstrating its feasibility and safety have been published during the last years [29] [30] [31] [32] [33] . Moreover, in regards to eventual advantages of the use of robot for DP, 2 studies comparing LDP and ODP to robotic DP (RDP) have been published [5, 26] . The first includes 20 RDPs and 25 LDPs for benign and borderline malignant lesions, with intent to preserve the spleen [5] ; the authors reported a much higher splenic preservation rate with the robotic approach, even if the robotic approach was associated with longer postoperative times and about double the average cost per case compared to LDP. The other study by Daouadi et al. [29] , including 30 RDP and 94 LDP patients, was unable to demonstrate a significant reduction in blood loss, hospital stay or morbidity between the 2 groups. These data highlight some of the actual criticisms of the robotic approach -more cost without an obvious tangible advantage.
Minimally Invasive PD
Minimally invasive approach for PD today represents the most fascinating surgical challenge for pancreatic surgeons. Interest in laparoscopic PD (LPD) has continued to grow since its first description by Gagner and Pomp [34] in 1994, and larger series describing this technique limited to a few highly specialized centers have been described in the last few years [30, [35] [36] [37] [38] [39] [40] [41] [42] [43] . However, LPD is still not universally accepted, because the complexity of the procedure has questioned the safety and advantages over its open counterpart. Acceptance was probably slowed by both the inherent technical limitations of laparoscopy and the need for advanced laparoscopic skills, which were not always acquired during the training of pancreatic surgeons [44] . However, successful application of laparoscopy to other complex abdominal operations, availability of newer technologies, such as the da Vinci surgical system [45] and surgeon's motivation to pursue innovation and accept challenge [46] have all contributed to increase popularity and acceptance of minimally invasive PD in some centers. Boggi et al. [47] in a recent review underline this increasing popularity, showing that the number of LPD published between January 2012 and June 2013 exceeds that of LPD published in the previous 15 years.
In recent years, a large number of single-institution series of LPD have been performed [32] [33] [34] [35] [36] [37] [38] [39] [40] . All these studies have supported that LPD is feasible and safe in expert hands and in high-volume pancreatic centers. The real debate is if the minimally invasive approach can be considered a standard in performing PD and if it has the same outcomes of OPD. About this topic, 2 meta-analyses were published in 2014 [48, 49] , in order to compare the intraoperative outcomes, postoperative complications, postoperative recovery and oncological safety in OPD and LPD. It is to be noted that no RCTs has been published, and the 2 meta-analyses consider only retrospective studies. The results of one of these meta-analysis [46] demonstrated that minimally invasive PD was associated with a reduction in estimated blood loss, wound infection and a shorter hospital stay, even if it was associated with a longer operative time; there were no signifi- cant differences in the likelihood of overall complications, pancreatic fistula, delayed gastric emptying, reoperation and mortality. Correa-Gallego et al. [48] recently published the second meta-analysis about this topic, including 6 retrospective studies and 542 patients (169 LPD and 373 OPD). Minimally invasive surgery was associated with a reduction in intraoperative blood loss, although longer operative times were observed; overall morbidity, reoperations and other specific complications were comparable, and hospital stay was significantly reduced in the LPD group. Moreover, 10% of patients in the LPD group required conversion to an open procedure; the majority of these were due to bleeding or the inability to obtain adequate vascular control laparoscopically. Regarding the results of these 2 meta-analysis, 2 considerations are necessary: (a) in absence of RCTs comparing open with minimally invasive PD, there was an obvious selection bias: patients who underwent minimally invasive approach were more often affected by borderline tumors (mucinous cystic lesions, IPMN) or by more little tumor, if compared with patients selected for open PD, and (b) all the PDs with minimally invasive approach were performed in high-volume centers. In conclusion, LPD is currently a feasible option but at the moment it should be performed in high-volume pancreatic surgery centers and in selected patients (i.e., small cancer distant from major vessels or borderline lesions).
Considering the use of robot, it is common opinion between expert pancreatic and laparoscopic surgeons that in the case of PD, more than in the case of DP, the advent of robotics will give the impulse and the opportunity to improve the successful rate of minimally invasive approach. In fact, some technical problems routinely encountered during LPD requiring conversion to open surgery can be overcome with the use of robotic approach. For this reason, the recent literature clearly shows an increase of interest in the robotic approach for PD, more than the laparoscopic one. This phenomenon is evident looking at the literature: 90% of the minimally invasive DP literature focuses on conventional laparoscopy, with only 10% referencing as robotic approach, but if we compared this with the PubMed search results of the recent PD literature, we found that 29% of these featured robotic surgery [50] . However, it is important to note that these reports were all based on single-institutional experience, and evidence in the context of RCTs is not available. Zhang et al. [51] in 2013 published the first metaanalysis comparing robotic versus open PD; none of the included studies were randomized. This meta-analysis showed that overall complication rate was significantly lower in robotic group, as well as reoperation rate; there was no significant difference in postoperative pancreatic fistula incidence and mortality; the median conversion rate was 10%. In conclusion, the results of meta-analysis favor the safety and efficacy of robotic PD in terms of clinical outcomes; however, more evidence of prospective, multicenter, RCTs is needed to further address the role of robotic technique in pancreatic surgery, not only for the safety reasons but also for the real overall benefits to patients if compared with open approach. Regarding the comparison between RPD and LPD, recently, a review by Orti-Rodriguez and Rahman [52] provides the first comparative review between LPD and robotic-PD (RPD). The authors found that the overall operating times were comparable in both the 2 groups. Surprisingly, the mean estimated blood loss was significantly higher in the robotic arms compared with the laparoscopic group. Similarly, the rates of enteric fistula (biliary, pancreatic and gastric) were also higher in the RPD group, even if the overall morbidity and mortality rates were comparable. Moreover, this review found that the conversion rate was significantly greater in the RPD group (11.56 vs. 5.63%). These results can be explained with the different expertise of the surgeons with the 2 different techniques: the skill level in years for the laparoscopic practitioners is far greater than that for relatively new robotic technology and is not comparable between the 2 groups. In addition to the different expertise, one of the major perceived drawbacks of robotic surgery is the associated cost, which is higher if compared with LPD (even if there are currently no studies that performed a direct cost-benefit comparison between the 2 surgical approaches).
As for minimally invasive DP, the real question is whether we consider this approach oncologically effective. Even in this case, no randomized studies are present in the literature, and so, current published series of LPD include patients with various diagnoses and embody a relative reluctance to use a laparoscopic approach in patients with pancreatic malignancy [33] . As such, there is a paucity of data on the oncologic outcomes of LPD and there are no comparative trials in the setting of pancreatic ductal adenocarcinoma. Buchs et al. [53] compared 33 patients undergoing RPD with 27 patients undergoing OPD, demonstrating no difference in R0 resection and a higher number of nodes harvested in the minimally invasive group than in the OPD group. Chalikonda et al. [40] 288 group than in the other one. In a more recent comparison, Asbun and Stauffer [37] included 39 patients undergoing LPD and 100 patients undergoing OPD for malignancy, showing no difference in R0 resection and a higher mean number of lymph nodes harvested in the laparoscopic group. Recently, a real first attempt to prove the oncological validity of minimally invasive approach has been done by Croome et al. [54] ; the authors reviewed data for all patients undergoing LPD or OPD for pancreatic ductal adenocarcinoma at the Mayo Clinic between January 2008 and July 2013, with the aim to directly compare the oncological outcomes of the 2 procedures. Neoadjuvant therapy, tumor size, node positivity and margin-positive resection were similar in the 2 groups. However, there were a significantly higher proportion of patients in the OPD group who had a delay of greater than 90 days or did not receive adjuvant chemotherapy at all compared with that in the LPD group. Moreover, this study showed that even if there was not a significant difference in overall survival between the 2 groups, a significantly longer progression-free survival was seen in the LPD group than in the OPD group. The authors concluded that LPD is not only technically feasible and safe in the setting of adenocarcinoma but may also provide advantages such as shorter hospital stay and quick recovery, allowing patients to recover in a timeline manner and pursue adjuvant treatment options that are responsible of the longer progression free-survival observed in this subset of patients. However, in absence of RCTs, it is difficult to affirm at the moment that LPD would surely offer the same or better oncological results if compared with open approach.
Conclusions
Considering all the available evidences in the literature, it is possible to affirm that minimally invasive approach for major pancreatic resections is feasible and safe in selected patients in expert centers: both robotic and laparoscopic approach can be used in expert hands for PD and DP, with no increased mortality and with some advantages in terms of perioperative outcomes and length of stay. However, due to the absence of prospective RCTs, it is impossible at the moment to affirm that minimally invasive approach is equal to open procedure or even the standard procedure for pancreatic surgical resections. In fact, many patients considered for laparoscopic approach are selected, with benign, borderline lesion or with small cancer without vascular involvement. Moreover, due to the paucity of patients affected by neoplastic disease treated with minimally invasive approach, data on long-term outcomes of tumor recurrence and patient survival are not well defined.
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